This research-in-brief compares -based on documentation and web sites information --findings of three different facial emotion extraction methods and puts forward possibilities of implementing the methods to Second Life. The motivation for the research stemmed from a literature review which indicated that current virtual communication tools did not satisfy users. The review showed that people preferred real-life like communication in virtual environments due to higher immersion and better user experience. Research revealed three methods used to create avatar facial expressiveness using facial emotion extraction. The three methods found were:
Introduction
Virtual worlds are growing in popularity. "60% of [businesses surveyed] plan to increase spending for virtual environments and events, and 67% are contemplating hosting 10 or more virtual events in the next 12 months" (Gardner, 2011) , this includes virtual environments, webinars, etc.
However, "virtual worlds as we know them today are not user friendly or effective as a seriously used communication tool" (Bouda, 2012) . One of the main reasons for this is the lack of a real-life like communication format.
To support communication, avatar facial features and expressions should be well developed (Perlin, 2000) . Second Life (SL), an online virtual world, was focused on for this analysis.
Although avatars in SL can text chat or voice chat with other avatars (with or without Lip Sync), they lack expressive facial features.
Facial emotion extraction refers to the method of extracting the current facial expression of a user in real-life and applying that expression on the face of the avatar in real-time. This case analysis focused on Second Life and how it can better increase communication between avatars by looking at three facial emotion extraction methods available today. This analysis will purpose the best method based on ease of implementation, integration, and use in Second Life. Research limitations and future advancement opportunities are also discussed.
Literature Review
The literature review helps support the need for better facial expression and features in Second Life by looking at research in two areas: the importance of expressiveness for communication and immersion in virtual worlds and studies on methods in creating good facial expressions for avatars. Second Life's current avatar expressiveness methods are discussed and the three emotion extraction methods to be reviewed in this study are introduced.
Importance of Expressiveness for Communication and Immersion in Virtual Worlds
According to dictionary.com (2012) immersion is defined as a "state of being deeply engaged or involved; absorption". To have immersion in a virtual world implies that users are highly absorbed in the environment, are having a deeply engaging user experience, and the communication feels continuous. Studies have found that having a real life-like form of communication is what immerses users, and therefore research has looked at ways to make virtual world communication even more like real world communication through avatar and environment design (John et. al, 2011; Andre et. al, 1999; Bates, 1994) . It is found that, "in face-to-face interactions emotions are integral to the interpersonal processes that help develop mutual rapport between the communicators" (John et. al, 2011) . As a result, effective virtual world communication would require the same emotional expression as that provided by face to face interaction.
The main form of communication between avatars that Second Life provides, is through text chatting or voice chatting. The research findings suggest that text chatting is not the most effective, due to the misinterpretation it might cause. Lack of non-verbal cues might lead to misreading of emotion by one user from another. Kiesler et al. (1984) found that without visual cues, users communicating online might be more uninhibited or aggressive than when communicating in real-life (John et. al, 2011) . This shows that having avatars chat via text is not the best way to provide accurate information. Through chat boxes, SL users will not get a true real-life feeling of communication.
The other form of communication SL provides is through voice chatting. Although emotion can definitely be heard through voice chatting, the audio might not match the visual. An avatar in SL can have very expressionless facial features as the user of that avatar chats away happily, angrily or with other emotion.
Users may use Lip Sync, if they enable it, to have their avatar's lips move in unison to the user's voice (Lip Sync, 2012) . However, this method focuses primarily on the syncing of the movement of the lips of the avatar to the voice of the user, rather than focusing on the emotional facial/body animation of the avatar.
Studies have shown that it is important for avatars to "demonstrate intelligent life-like behavior to make them believable in social computing" (John et. al, 2011; . Hayes-Roth (2003) suggests that avatars should show emotional responses in order for them to have 'life-like' behavior (John et. al, 2011) . Second Life's interface does include a HUD -Heads Up Display -which is defined as a "display where gamers can see their character's vital statistics and more" (Webopedia, 2012) . The HUD in SL allows users to select a particular gesture that changes the avatar's facial expression and body movement, based on the choice. Because the user of the avatar has to choose the correct gesture while speaking in voice chat and the emotion is not automatically displayed on the avatar's face in correspondence to what is being said, the user's immersion in the virtual world is interrupted. In real-life communication, one will not be speaking and pausing to think (similar to selecting a gesture in the HUD in SL) about what to do with their face and body; facial expressions and body movements will automatically coincide with what one is saying. This suggests that a better method is needed in SL to allow for an immersive communication between avatars.
According to Bouda, gestures and motions in virtual worlds do influence user experience and "studies show that there are a lot of users demotivated or disappointed from the virtual world's environment and after their first visit they never come back. That has to change" (2012).
Methods for Creating Good Facial Expressions for Avatars
Researchers from Stanford University and the Research Center for Virtual Environments and Behavior are currently studying many topics regarding virtual world and virtual world avatars (Stanford University, 2012; ReCVEB, 2012) . These studies include: how virtual traveling of avatars reduces energy use, implications of having an avatar, what exactly do people do in SL, exploring a world as another person, spatial behavior, social psychology, and more (Stanford University, 2012; ReCVEB, 2012) . None of the above studies currently conducted are on methods of creating better facial expressions on avatars in SL. However, some researchers have focused on similar areas of study.
According to John et. al. (2011 and Andre et. al. (2000) have looked at a way to develop a language to script "emotionally and socially appropriate responses for animated characters. " Thalmann et. al. (2000) "presented an approach to implementation of autonomous virtual actors in virtual worlds based on perception and virtual sensors" (John et. al, 2011 ). Cassell et.al (2000 and Badler et. al. (1995) "[have] developed a framework for designing automated response for animated characters who participate in conversational interaction with human users" (2011). Although these researchers have looked at ways to create better emotional expressions on avatar facial features, none of them looked at methods to extract facial expressions from users to apply to avatar expressions in SL. John et al. (2011) have looked at a way to extract expressions from users to apply to avatar facial features in virtual worlds. They proposed a method called "Emotion Analyzer". This method involves extracting emotion through users' text messages and applying that emotion to the face of the avatar during a virtual world chat (2011). According to the research, this will "enhance social interaction in 3D social worlds" (2011). Since SL provides text chatting as a form of communication between avatars, this is a plausible method SL can use to provide an 'enhanced' social interaction. In fact, in the Second Life Marketplace, 'an automatic facial animation HUD' can be purchased that reads a user's text in the chat box and portrays the gesture automatically, based on the words read.
Bouda (2012) states, "windows have developed Kinect, which can be used for controlling [the] virtual world of Second Life by body motions." Microsoft has a video game console named Xbox 360; the Kinect is a system used with the Xbox 360 which allows players to use their body as a controller when playing a game. This method uses motion capture, which is the digital recording of real world gestures (oxforddictionaries.com, 2012) . In 2011, Microsoft introduced Avatar Kinect, which "takes the technology to the next level, not only expanding animation to user-specific avatars themselves, but also animating coarse-grained facial features of those avatars" (Embedded Vision Aliance, 2011). Following Microsoft's innovation, Sony has developed a facial recognition technology (also using motion capture) for its new hand-held device named Vita; this technology allows users to have immersive avatar chats (Ishaan, 2011) . This method can be applied in SL as Bouda (2012) suggests. nViso (2012), a company based in Lausanne, Switzerland has developed a technology that can "passively capture human emotions from facial expressions and eye movement by tracking over 143 points on a face using only a webcam" (2012). This is another methodology SL can use to create better avatar facial expressiveness during virtual world communications.
Three Cases for Cross-Case Analysis
Through research it is shown that to have the best form of user experience in a virtual world, more specifically Second Life, users communicating in such a world need to feel as if they are speaking faceto-face. Emotions are found to be crucial to face-to-face communication, hence important to virtual communication. This literature review showed that having avatars express real-time emotions is a key for better user-experience and immersion in SL. This review has also shown that although studies were conducted on avatar expressiveness in various virtual platforms, no specific research has thoroughly looked at the best method for avatar expressiveness in SL. Out of the research and technologies that have studied facial emotion extraction methods, three were identified.
1. Extracting emotion through user texts to apply to avatar facial features in real-time.
2. Using Microsoft's Kinect technology to capture user facial motion to apply to the avatars in realtime.
world communication, this method will allow that to the fullest. The initial analysis of this technology looks promising. (Wikipedia, 2012) . So even if Kinect technology was implemented in SL by Microsoft collaborating with Linden Lab, the integration of this technology would mean that all SL users needed to purchase the Xbox 360 console and Kinect. In terms of easy integration of Kinect to the world of SL, this is a very hard way of getting users to incorporate the technology. Chances are that not everyone using SL (which allows for their users to download the viewer and register for free) is willing to pay $299 just to experience the virtual world.
As a result overall analysis shows that although Kinect technology is immersive and mimics the face-to-face form of communication, the implementation of Kinect through Xbox LIVE to connect to SL is not very feasible, since SL users need to buy expensive hardware to experience this technology. Currently, this company offers services in analyzing "emotional response levels of consumers to marketing stimuli in real time" (2012). Technically although nViso provides facial emotion extraction only for marketing purposes, this technology, in theory, works for SL.
Extracting Emotion through Video Capture of User's Facial Expressions via Webcam in
Second Life users can use voice chat to communicate with other avatars with their webcams on and their avatars can express the same emotions as they are, whilst talking. This form of communication mimics real face to face communication, allowing for immersion and positive user experience.
Implementing this technology into SL means that Linden Lab needs to contact nViso and ask for their services. As stated on their website, nViso's technology "integrates into existing survey frameworks and platforms" (2012), which means nViso is willing to integrate their technology to any platform (albeit survey platforms for now). However since nViso's technology only extracts facial emotion data, another form of software is needed to take that extracted data and apply it to 3D avatar features, which Linden Lab needs to provide. Linden Lab can incorporate nViso technology into Second Life Viewer allowing users to access it free of cost.
Integration of this technology by the user is also plausible. Besides the possibility of it being free via Second Life Viewer, this method uses only a webcam as hardware to read user facial expressions. According to PC world, 79% of laptops now have webcams (2011); this means chances are that a Second Life user already has a webcam. Statistics from Pew Internet & American Life Project show that 72% of 18 -20 year olds own a laptop (2011), and according to Cisco (2011) more than 50% of Generation Y owns a webcam. These statistics support the idea that using this method of extracting facial emotion data is very feasible, since many people own laptops and most laptops have built in webcams.
Overall analysis of this method shows that implementation of this technology is feasible since it only requires Linden Lab acquiring services from nViso. Integrating the method is also feasible due to nViso's willingness to work with any platform and the use of only webcams to extract facial emotion, which most laptop owners have. Managerial and Commercial Applications / Dec. 2012 Journal of Virtual Worlds Research Vol. 5, No. 3 
Analysis Results
After comparing and contrasting the three facial emotion extraction methods in terms of feasibility, implementation and integration, the following results were found: 
Method

Extracting emotion using nViso's technology via webcams
• Linden Lab hiring nViso • Finding a method to use the extracted data from nViso's technology to apply to 3D avatar facial features.
• Most users own laptops • Most laptops have webcams • nViso is a start-up company willing to work with others
• Users do not need to do anything except for using their webcams in SL • Can be integrated free via Second Life Viewer
As a result, extracting facial emotion using nViso's technique via webcam is the best method out of the three cases considered.
Limitations
This study is a cross-case analysis of the three facial emotion extraction methods identified through literature review. The results were reached strictly through comparing and contrasting the possibilities of using the methods for Second Life. The methods were not actually implemented within a virtual world environment to conduct the research. Furthermore, this study looks at only three facial emotion extraction methods used for conveying better avatar expressiveness; further research is needed Managerial and Commercial Applications / Dec. 2012 Journal of Virtual Worlds Research Vol. 5, No. 3 to identify more methods. nViso's facial emotion extraction method only reads the data on a user's face via webcam; it does not have the means to apply that data to 3D avatars.
Future Research
Further research is necessary in order to justify the hypothesis formed in this study. Applying the methods identified to an actual virtual world environment and collecting qualitative and/or quantitative data can help further this research.
Conclusion
Virtual worlds are growing in popularity; they are being used by businesses, educational institutions and to socialize. Some of the reasons for this popularity are cost efficiency for businesses in terms of travel for meetings, providing a fun environment for education, and also as a form of a therapeutic environment. Mimicking real-life communication in virtual worlds is crucial for users' immersive experience. Better communication leads to better utilization of the virtual world. However, today's virtual world avatar communication could be significantly improved.
Through literature review, three technologies where identified that can help with avatar communication in virtual worlds. The three methods were: extracting emotion through user texts to apply to avatar facial features in real-time, using Microsoft's Kinect technology to capture user facial motion to apply to the avatars' in real-time, and extracting emotion through video capture of user's facial expressions via webcam in real-time. A specific virtual world, Second Life, was focused on for possible implementations of these methods.
This research evaluated the three technologies available to better user experience in Second Life through comparing and contrasting the implementation, integration and feasibility of the methods. After conducting comparisons of the likelihoods of using these technologies in Second Life, it was concluded that extracting emotion via webcam was the best method out of the three cases studied.
